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Martin Nowak is Head of the
Program in Theoretical Biology at
the Institute for Advanced Study in
Princeton. He will move to
Harvard University later this year.
Nowak’s work initiated the field of
virus dynamics — the
mathematical description of how
viruses spread within infected
individuals. This led to a
quantitative understanding of HIV
infection (see ‘Virus dynamics’, by
Martin Nowak and Robert May,
Oxford University Press, 2000).
Nowak has also made
contributions to the long-standing
problem of the evolution of
cooperation. In an effort to
describe the evolution of animal
communication and human
language, he designed a
mathematical approach bringing
together formal linguistics,
learning theory and evolutionary
dynamics. His most recent interest
is in understanding the somatic
evolution of cancer.
What turned you on to biology
in the first place? In the last
summer before going to University
of Vienna, I read Horace Judson’s
history of molecular biology ‘The
Eighth Day of Creation’. Inspired
by this book, I decided to study
biochemistry, but soon fell in love
with mathematics and the idea of
applying mathematical thought to
biology.
What happened next? I worked
with Peter Schuster on
quasispecies theory, which is the
mathematics of genetic
replication. One day in a wooden
hut in the Austrian Alps, Karl
Sigmund gave a talk on
evolutionary game theory. I asked
a question and ended up doing a
PhD with him. On the last day of
the PhD, I asked Karl what to do
next. He said I should contact
Robert May. A few months later I
was in Oxford, where I stayed for
nine years. It was eternal spring.
In 1998, I was invited to join the
Institute for Advanced Study. Last
year I got an offer from Harvard.
Do you have a ‘favourite’ paper
or book? In my opinion, the seminal
book of mathematical biology is
‘Evolutionary Games and
Population Dynamics’ by Hofbauer
and Sigmund (Cambridge University
Press, 1998). When I started to work
on evolutionary game theory, I was
worried to tell my parents. Now I
realize that the underlying formalism
— frequency dependent selection
— is the generic description for all
of evolution and hence all of
biology. If you don’t do evolutionary
game theory, then you work on
some special case of biology. Most
people do evolutionary game theory
without knowing it.
What is the best advice you’ve
been given? Bob May gave me
three important pieces of advice: if x
is greater than y, then x is much
greater than y; the logarithm of
everything is one; and one never
loses for being too generous.
What advice would you offer
someone wondering whether to
start a career in biology?
Mathematical (or theoretical or
computational) Biology is the place
to be. In the last 50 years, there has
been tremendous success in
developing techniques for the
empirical investigation of biological
phenomena. As a consequence, an
enormous amount of information is
waiting to be analysed
mathematically. I predict that
mathematical biology will be the
biggest growth area of any scientific
field in the next two decades. It is a
field where you can work on many
different, completely new and totally
exciting questions. My advice for
students is to look for combined
degrees in mathematics,
computational science and biology.
Is there a recipe for successful
theory in biology? Theoreticians
need to work in close collaboration
with experimentalists. Models have
to be designed in a collaborative
effort. Theories need to generate
new insights and suggest new
experiments. Science is about
doing experiments, but the
language of science is
mathematics.
Do you have a ‘scientific hero’?
Bob May and John Maynard Smith
are my heroes. Bob is the fastest
and most competitive thinker I have
met. You show him a problem and
he immediately knows what is going
on. He will figure out the final
answer within a few hours, and he is
never wrong. John is more of a
mystical high priest. Over a beer, he
asks the deepest questions and
then develops the simplest model to
analyse them. Sometimes there are
small mistakes, but this invites
others to follow him. I always
thought I could be like John. I never
thought I could be like Bob.
How did you come to work on
language? One evening, David
Krakauer came to my house in
Oxford. He had an idea about a
matrix linking signals to objects. I
was captivated. I stopped
everything else I did and started to
work on evolutionary game theory
of language. Then, in Princeton,
Partha Niyogi introduced me to
learning theory and formal
linguistics, which was a revelation.
This is not only a mathematical
description of language and
language acquisition, but of mental
function in general. It describes
what it means to ‘figure out’
something. The potential is
enormous.
What is your greatest ambition? I
would like to bring mathematical
models to every area of biology. At
present I am mostly fascinated by
the attempt to develop a
comprehensive theory for the
somatic evolution of cancer. I hope
the work on cancer and viruses will
eventually benefit patients.
Language, on the other hand, is my
endless love. No abstract thought
could be more beautiful. Language
is the key to understanding the
human mind. My ambition is to
formulate a mathematical theory of
language evolution. I wish that the
study of human language will
become a major part of biology.
Language is the most important
invention of evolution of the last 500
million years. Bacteria invented
genetics; eukaryotes invented multi-
cellularity; humans will be
remembered for language.
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